The structure of clinobarylite, BaBe 2 Si 2 O 7 , a rare mineral from the Khibina alkaline massif, Kola peninsula, has been refined in the orthorhombic space group Pmn2 1 , R1 = 0.030 (wR2 = 0.082, S = 1.167) for 469 unique observed reflections with F o  ≥ 4σ F . The structure is based upon tetrahedral framework consisting of BeO 4 and SiO 4 tetrahedra. BeO 4 tetrahedra share corners to form chains parallel to the c axis. The chains are interlinked by the Si 2 O 7 groups oriented parallel to the a axis. The Ba 2 + cations are in the framework channels and are coordinated by eleven O atoms. The obtained orthorhombic symmetry of clinobarylite is in contradiction with the monoclinic symmetry recently reported for this mineral by Chukanov et al. (2003) . Optical properties and powder X-ray diffraction pattern of clinobarylite have been re-studied and no contradictions with orthorhombic symmetry have been observed. Comparison of clinobarylite and its dimorph, barylite, show that tetrahedral frameworks in the structures of these minerals are based upon tetrahedral sheets of the same type. According to this description, barylite and clinobarylite can be considered as 2O-and 1O-polytypes of BaBe 2 Si 2 O 7 , respectively.
Introduction
Clinobarylite, BaBe 2 Si 2 O 7 , has been described recently by from the Yukspor Mt., Khibina massif, Kola peninsula, Russia. Clinobarylite is a dimorph of barylite, BaBe 2 Si 2 O 7 , a mineral known since 1876 (Gaines et al. 1997) . Crystal structure determination demonstrated that clinobarylite is monoclinic, space group Pm11. Reported monoclinic symmetry of clinobarylite is responsible for its name as a monoclinic analogue of barylite which is orthorhombic. In this paper, we report results of our re-investigation of clinobarylite. First, we analyze data on this mineral reported by Chukanov et al. (2003) and , and then we present results of our own studies that unamigously show that clinobarylite is in fact orthorhombic. Consequently, we provide revised data on its symmetry, structure and optical properties. In conclusions, we discuss in more details structural differences of clinobarylite and barylite. reported clinobarylite as monoclinic, space group Pm11. The unit-cell parameters were given by as a = 11.618 (3), b = 4.904 (1), c = 4.655 (1) Å, β = 89.94 (2)˚(the same parameters are reported by Chukanov et al. 2003) . However, with the space-group setting Pm11, the monoclinic angle should be α and not β as reported by these authors. It is evident from Fig. 1a of the paper by that the monoclinic angle is actually α and not β. Thus, the proper (though non-standard) setting of the structure is Pm11, a = 11.618 (3), b = 4.904 (1), c = 4.655 (1) Å, α = 89.94(2)˚. Note that the α angle is very close to 90˚and there is no clear evidence that the structure should really be monoclinic. Analysis of the atomic coordinates reported by has revealed an additional symmetry operator (0.5 -x, 0.5 -y, 0.5 + z) that works especially well if all atoms are shifted by -0.0088 along the b axis. Obviously, the operator (0.5 -x, 0.5 -y, 0.5 + z) corresponds to the twofold screw 2 1 axis parallel to the c axis, centered at x = 1 ⁄4, y = 1 ⁄4 in the original unit cell. Addition of this symmetry operation to the space group Pm11 produces an orthorhombic space group Pmn2 1 with unit-cell parameters a = 11.618 (3), b = 4.904 (1), c = 4.655 (1) Å. The following pairs of atoms given by are symmetry equivalent:
Previous studies
These atoms are symmetrically equivalent within 0.025 Å for Ba and Si and within 0.06 Å for Be and O. Thus, structural data on clinobarylite suggest that this mineral is most probably orthorhombic, space group Pmn2 1 . However, if clinobarylite is truly monoclinic, this should also be reflected in its optical properties and (probably) its X-ray powder-diffraction pattern.
The optical constants of clinobarylite were reported by Chukanov et al. (2003) as following: biaxial, optically positive, α = 1.698 (3), β = 1.700 (3), γ = 1.705 (5), 2V meas = 70 (10)˚, 2V calc = 65˚. The orientation of the optical axes relative to the crystallographic axes was given as Z = b, X^a = 6˚, Y^c = 5.5˚. This is in obvious contradiction with the space group Pm11 reported by . If the a axis is a unique monoclinic axis (as implied from the Pm11 setting), then one of the optical axis should be parallel to a and the angle X^a makes no sense unless optics in clinobarylite has an anomalous character. In addition, in a metrically orthorhombic unit cell, X^a and Y^c must be equal, whereas Chukanov et al. (2003) reported them to be different by 0.5˚which is again unacceptable.
X-ray diffraction pattern of clinobarylite reported by Chukanov et al. (2003) has only one diffraction peak that is not indexable in the orthorhombic space group Pmn2 1 suggested in this study. This is the 001 peak at d = 4.671 Å; its intensity on a 100 %-scale is 3. This reflection is also absent if the diffraction pattern is calculated on the basis of the space group Pm11 and atomic coordinates reported by . All facts mentioned above indicated that clinobarylite is most probably orthorhombic, which prompted our re-investigation of this mineral using crystals from the type locality, i. e. Yukspor Mt., Khibina massif, Kola peninsula, Russia.
Structure refinement
A crystal of clinobarylite flattened on (010) was selected for single-crystal structure study. The crystal was mounted on a Bruker PLATFORM goniometer equipped with a 1K SMART CCD detector with a crystal-to-detector distance of 5.4 cm. A hemisphere of three-dimensional data was collected using MoKα X-radiation and frame widths of 0.3˚in ω, with 45 s used to acquire each frame. The unit-cell dimensions were refined on the basis of 532 reflections (Table 1 ). The systematic absences of reflections are consistent with the orthorhombic space-group Pmn2 1 , which is in agreement with the space group derived from analysis of atomic coordinates given by . The data were reduced using the Bruker program SAINT. A semi-empirical absorption-correction based upon the intensities of equivalent reflections was applied modelling the crystal as a (010) plate, and the data were corrected for Lorentz, polarization, and background effects. A total of 1363 intensities was measured; there were 498 unique reflections (R INT = 0.033), with 469 classified as observed (F o > 4 sF o ).
Scattering curves for neutral atoms, together with anomalous dispersion corrections, were taken from (Ibers & Hamilton 1974) . The Bruker SHELXTL Version 5.1 system of programs was used for the refinement of 
where n is the number of reflections and p is the number of refined parameters.
the crystal structure on the basis of F 2 . The structure was solved by direct methods and refined to a final agreement index (R1) of 0.030, calculated for the 469 unique observed reflections (F o ≥ 4σ F ), and a goodness-of-fit (S) of 1.167. The racemic twinning model was included into the refinement and resulted in significant improvement of its quality. The final model included atom positional parameters, and anisotropic displacement parameters for Ba and Si. Attempts to refine Be and O atoms anisotropically resulted in physically unrealistic displacement parameters which is probably a result of the dominance of the Ba scattering power over all other atoms present in the structure and the racemic twinning of the crystal studied. The final atom parameters and bond-valence sums are given in Table 2 , and selected interatomic distances are in Table 3 . Observed and calculated structure-factors are available from the authors upon request.
As we can conclude from our study, the systematic absences, internal consistency of the dataset, and atomic coordinates are in agreement with the orthorhombic symmetry of clinobarylite. All geometric parameters (bond lengths, angles, etc.) are similar to those obtained by in the space group Pm11.
Structure description
A general description of the structure of clinobarylite was given by . BeO 4 tetrahedra share corners to form U eq is defined as one third of the trace of the orthogonalized U ij tensor.
* Calculated using bond-valence parameters from (Brown & Altermatt 1985) . chains parallel to the c axis. The chains are interlinked by the Si 2 O 7 groups oriented parallel to the a axis (Fig. 1 a) . The Ba 2 + cations are in the framework channels and are coordinated by eleven O atoms.
X-ray powder diffraction study
The powder X-ray diffraction pattern of clinobarylite (Table 4) was obtained using a DRON-2 diffractometer operated at 20 kV and 30 mA (Bragg-Brentano geometry, CuKα-radiation). Table 4 gives comparison of the obtained powder X-ray diffraction pattern to that given for clinobarylite by Chukanov et al. (2003) and one calculated on the basis of atomic coordinates given above. The only reflection, 001, that violates the Pmn2 1 space group in the pattern given Chukanov et al. (2003) is absent in our data. This reflection has also zero intensity in the theoretical X-ray diffraction pattern calculated from crystal-structure data given by . Thus the X-ray powder diffraction data are in agreement with the orthorhombic symmetry of clinobarylite suggested here.
Optical properties
As the optical properties given for clinobarylite by Chukanov et al. (2003) are rather contradictory (see above), we have re-determined optical constants. The mineral was found to be orthorhombic, with following orientation of main vibration directions: X = b, Y = c. Clinobarylite is biaxial, opti- * Calculated using crystal-structure data determined from single-crystal structure analysis using ATOMS 5.1 (Dowty 2000) .
cally negative, almost neutral, α = 1.695 (5), β = 1.702 (5), γ = 1.708 (8), 2V calc = 85 (5)˚(measurements performed by Yu. Mikhailova). The negative sign determined for clinobarylite is in contradiction with the positive sign determined for this mineral by Chukanov et al. (2003) . This may be explained by difficulties associated with determination of optical character of nearly optically neutral crystals. Table 5 gives comparison of the crystallographic characteristics obtained for clinobarylite by Chukanov et al. (2003) and in this work, with those determined by barylite by Robinson & Fang (1980) . It is obvious that clinobarylite is a dimorph of barylite and both these minerals have orthorhombic symmetry. As it was noted by that the structures of barylite and clinobarylite are closely related. In both structures, BeO 4 tetrahedra share corners to form chains elongated along the c axis in both structures. These beryllate groups are interlinked via Si 2 O 7 groups to form three-dimensional framework (Fig. 1) . The difference between the two structures is in the orientation of the chains of BeO 4 tetrahedra. In barylite, these chains are running up and down (BeO 4 tetrahedra are looking in both up and down directions), whereas, in clinobarylite, they are oriented only up (berrylate tetrahedra are looking in the same direction). Relationships between the structures of barylite and clinobarylite can also be explained on the basis of sheets of BeO 4 tetrahedra and Si 2 O 7 groups parallel to (010) in clinobarylite and to (100) in barylite (the sheets are marked by dashed lines in Figs. 1a and b) . These sheets consist of beryl- (Fig. 1 c) . As beryllate chains are strictly directional (all BeO 4 tetrahedra within the sheet have the same orientation), the sheets are also strictly directional. Beryllosilicate tetrahedral frameworks in barylite and clinobarylite may be considered as based on sheets of the same type. However, in barylite, two adjacent sheets have the opposite orientation, whereas, in clinobarylite, all sheets have the same orientation. As a consequence, the a parameter of clinobarylite is halved compared the corresponding b parameter of barylite (Table 5 ). It should be noted that, according to this description, barylite and clinobarylite must be considered as 2O-and 1O-polytypes of BaBe 2 Si 2 O 7 , respectively. It is worthy to note that the name "clinobarylite" was assigned to this mineral because of its (initially thought) monoclinic symmetry, in contrast to barylite, which has an orthorhombic symmetry ).
Discussion
Here we demonstrated that clinobarylite is in fact orthorhombic, which raises the question concerning validity of its name.
